The Large Synoptic Survey Telescope (LSST) will provide for unbiased sampling of variability properties of objects with r mag < 24. This should allow for those objects whose variations reveal their orbital periods (P or b ), such as low mass X-ray binaries (LMXBs) and related objects, to be examined in much greater detail and with uniform systematic sampling. However, the baseline LSST observing strategy has temporal sampling that is not optimised for such work in the Galaxy. Here we assess four candidate observing strategies for measurement of P or b in the range 10 minutes to 50 days. We simulate multi-filter quiescent LMXB lightcurves including ellipsoidal modulation and stochastic flaring, and then sample these using LSST's operations simulator (OpSim) over the (mag, P or b ) parameter space, and over five sightlines sampling a range of possible reddening values. The percentage of simulated parameter space with correctly returned periods ranges from ∼ 23 %, for the current baseline strategy, to ∼ 70 % for the two simulated specialist strategies. Convolving these results with a P or b distribution, a modelled Galactic spatial distribution and reddening maps, we conservatively estimate that the most recent version of the LSST baseline strategy will allow P or b determination for ∼ 18 % of the Milky Way's LMXB population, whereas strategies that do not reduce observations of the Galactic Plane can improve this dramatically to ∼ 32 %. This increase would allow characterisation of the full binary population by breaking degeneracies between suggested P or b distributions in the literature. Our results can be used in the ongoing assessment of the effectiveness of various potential cadencing strategies.
INTRODUCTION
Characterisation of light curve variability is the core of astronomical timing. In particular, there are many classes of unresolved point sources displaying periodic (or quasi-periodic) variations which can be used to reveal information about the source nature. This includes variable, binary and multiple component stars, X-ray binaries and pulsating sources, to name a few.
Low mass X-ray binaries (LMXBs) consist of a neutron star or black hole accreting matter from a low mass (usually < 1M ) orbiting companion donor star via Roche lobe are located throughout the Galaxy with typical distances of order several kpc, or more. Furthermore, high and patchy extinction from gas and dust, especially in the plane of the Milky way, renders them weak and red. So even though studies predict the existence of order ∼ 1300 Galactic black hole transients (e.g. Corral-Santana et al. 2016) , many are too faint to detect, and the majority remains uncharacterised.
In 2022, the Large Synoptic Survey Telescope (LSST) will begin a 10 year synoptic survey in six filters (ugrizy) from Cerro Pachón, Chile (Ivezic et al. 2008 ). The high sensitivity and broadband wavelength coverage of LSST will allow it to probe through Galactic gas and dust in the Milky Way, particularly in the redder filters. Therefore LSST has the potential to expand the known population of LMXB counterparts of which we have only seen a fraction during the short history of X-ray astronomy. The LSST observing strategy will be designed in order to accommodate scientific objectives from a wide range of scientific communities, decisions for this strategy will be supported by the LSST Operations Simulator (OpSim, Delgado et al. 2014 ) which generates a complete set of observational metadata for the ten-year simulated mission lifetime. Versions of OpSim are incremented roughly every two years as improvements are made. Whilst LSST has the ability to identify and follow many LMXB counterparts, the current baseline observing strategies (Minion_1016 for OpSim 3 and baseline2018a for OpSim 4) 1 include a reduced cadence for fields within the Galactic Plane where LSST is expected to be confusion limited by the high density of sources (defined by Marshall et al. (2017) to be |b| < (1-l/90°) 10°for -90°<l< 90°), the regions in which the vast majority of these systems reside (Liu et al. 2007 ).
The results presented in this paper may be useful for the ongoing discussion of optimising the LSST observing strategy. The time of writing also coincides with the call for white papers from the scientific community describing how to strengthen LSST cadence for their scientific requirements.
By simulating LMXB characterisation in realistic LSST observations, we have investigated the potential for LSST to measure the orbital periods (P or b ) of these systems in quiescence. P or b is the fundamental observable that can be combined with radial velocity information from spectra to determine the masses of the binary components. We stress that LMXBs are simply a test case of the more generic class of periodic variables which LSST should be able to characterise, so our results can be interpreted more broadly (while keeping peculiarities specific to LMXBs in mind, such as stochastic flaring, described later).
Section 2 outlines the method used for simulating and analysing the data. In Section 3 we discuss the effectiveness of the different observing strategies with regards to period determination and in Section 4 we combine these results with distributions describing LMXB periods, magnitudes and Galactic position to find the fraction of the underlying LMXB population for which the LSST can accurately determine periods.
METHODS
In order to examine the ability of LSST to measure the variability properties of LMXBs, first we simulated LMXB lightcurves, and then combined these with simulations of several potential LSST observing cadences to find the expected sampling of the lightcurves. Finally, we used the multi-band Lomb-Scargle algorithm (VanderPlas & Ivezić 2015) to recover P or b .
LMXB Light Curve Simulations
We simulated quiescent LMXB lightcurves to represent the range of optical counterparts that LSST is expected to observe. P or b and apparent magnitude were varied to encompass a broad area of parameter space outlined by the properties of LMXBs with known counterparts together with the observational constraints of LSST.
In quiescence, the optical flux of LMXBs is dominated by the companion star, with additional contributions due to the disc and stochastic flaring (see below). The spectral profile was assumed to be of a K-type star, a typical latetype companion in many known LMXBs (see e.g. Casares & Jonker 2014) . The spectral profile of a typical K-type star 2 was convolved with the LSST's filter transmission coefficients (Marshall et al. 2017 ) in order to calculate the expected magnitudes in the LSST filters. For an object with r = 0, the full set of LSST magnitudes would be as follows: u = 4.14, g = 3.24, r = 0.0, i = 0.33, z = 1.05, y = 2.36. Note these these magnitudes also include atmospheric transmission effects, which are important at both extremes of the optical spectral regime. In order to account for the additional optical contribution of the disc, which is essentially a flat power-law, a further, constant contribution of 35% was added to each filter.
To reflect the ellipsoidal modulation expected in an LMXB light curve, a peak to peak brightness variation of 0.1 mag was assumed. This was split 2:1 between the primary and secondary peaks, chosen so as to be consistent with the sample of quiescent sources published by Zurita et al. (2003) . The lightcurves were constructed using alternating portions of two sinusoids with an amplitude ratio of 2:1. The limits of the simulated P or b range were defined to be from 0.0063 days (9 minutes) to 50 days in twenty logarithmically spaced intervals. The minimum value includes the ultra compact LMXBs such as 4U 1820-30 (with P or b = 11 minutes; Stella et al. 1987 ) and the maximum includes systems such as GRS 1915+105 (33.5 days; Greiner et al. 2001) . The magnitude range used represented the expected, quiescent LMXB magnitude before reddening was applied. This was defined to be from 13 to 22 in the r band. The lower limit to the de-reddened magnitude range corresponds to a typical LMXB with M V = 5 (M r = 4.6) at a distance of 0.48 kpc and the higher limit of 22 corresponds to the same object at a distance of 30 kpc. This range encompasses both the closest candidate LMXB GS 1354-64 at a possible distance ∼ 1 kpc (Gandhi et al. 2018 ) and the farthest edge of the Milky Way from the Sun.
LMXBs show additional stochastic flaring behaviour in quiescence, whose origin remains debated. This flaring was simulated according to the flaring power spectra reported by Zurita et al. (2003) together with the lightcurve generation algorithm outlined by Timmer & König (1995) . The input parameters of the flare algorithm were β = -1 representing the slope of the power spectrum and the standard deviation of the flare amplitude was 0.04 mag. Only flares positive in flux (i.e. brightening the source above the ellipsoidal modulation) are simulated. The simulated amplitude slightly exceeds those exhibited in four of the five systems presented in Zurita et al. (2003) , so it is conservative in terms of P or b recovery. The simulated flaring was sampled at 30 second increments as the smallest temporal increment detectable by LSST. The absolute value of the simulated flaring was then taken to reflect the flaring being an additive component to the ellipsoidal modulation. To represent the uncertainties due to shot, instrumental and background noise, we followed the signal to noise ratio prescription suggested by the LSST operations simulation framework 3 . Figure 1 depicts a representative segment from a simulated lightcurve displaying both the final lightcurve as well as the separated contribution from the ellipsoidal modulation alone.
Galactic reddening is an important factor to consider, however the clustered nature of interstellar dust means that this reddening is uncertain, especially within the plane of the Milky Way. As the entire sky could not be simulated within a reasonable time, the reddening to five different LSST fields was used during the simulations. Three fields selected were chosen so as to encompass a wide range of potential Galactic reddenings. A further two were also simulated as they are located such that one field was observed using a different LSST mini-survey and the other resides in the main WFD region. Therefore, they were comprised of fields with OpSim field ID's: 1304 ID's: , 1322 ID's: , 630, 1929 . Field 1304 includes the globular cluster NGC 6522 and covers a substantial part of Baade's Window which contains relatively low columns of interstellar dust. Field 1322, corresponds to an LSST field aimed at the Galactic Centre which shows very strong interstellar extinction. Fields 630 and 1929 correspond to two fields which contain famous LMXBs GX 339-4 and Scorpious X-1, respectively. Additionally, field 1929 resides in the main WFD survey region. Finally, field 3311 was included as it is field which resided on the opposite side of the Galactic longitudinal axis to the other chosen fields and well as being located such that it will be observed by the south celestial pole mini-survey. The three Galactic Plane fields were chosen so as to gain meaningful statistics on LSST's P or b recovery in this region and the other two demonstrate how the P or b recovery changes with changing cadence in each observing strategy. The position of these fields in the Galactic Plane is shown in Figure 2 . The E(B-V) to each target field was found using the dust maps from Schlafly & Finkbeiner (2011) and this was converted to the expected reddening for each LSST filter using the values for R V found also in Schlafly & Finkbeiner (2011) . For each LSST field, the extinction that corresponded to that field was added to the original magnitude range. Observations which had a final magnitude that was either saturating during a single visit 3 https://smtn-002.lsst.io/ or fainter than LSST's 5-σ sensitivity limit as described in Marshall et al. (2017) were not used when determining P or b .
Observing Strategy
OpSim (Delgado et al. 2014 ) generated mock multi-filter observations Minion_1016, Minion_1020, astro_lsst_01_1004 and baseline2018a were downloaded from the LSST sim- ulations page 4 . Figure 3 displays all observations made by the new baseline strategy, ,baseline2018a (simulated using OpSim 4), of each LSST field over the full ten-year survey, in all filters. In the map, the regions with distinct cadences from the main WFD can be clearly seen in the north, south and Galactic Plane. As with Minion_1016 (the previous baseline strategy), baseline2018a will observe all Galactic Plane fields, in all LSST filters, at a reduced cadence. One key difference between the old and new baseline strategies is that in Minion_1016, all Galactic Plane observations occur within the first ten months of operation, whereas these observations are spread out over the ten year survey for baseline2018a. astro_lsst_01_1004 is identical to the baseline strategy Minion_1016 except that it observes the Galactic Plane with the same cadence as the main survey region. Minion_1020 utilises a Pan-STARRS-like cadence, with uniform coverage for all observable fields. Maps showing the total number of observations per field for each observing strategy have been included in Appendix A.
Simulated lightcurves were constructed using the observations that each observing strategy is predicted to make of each target field. The reddening used for each lightcurve corresponded to the line of sight reddening for the field whose observations were used.
LMXBs enter outburst with recurrence timescales of years to decades, during which the companion star is outshone by the disc and hence the characteristic ellipsoidal modulation cannot be observed. To reflect this in the observations, a randomly selected segment, comprising a consecutive 25% of the total observing time from the 10 year survey, was removed in all filters for Minion_1020, baseline2018a and astro_sim_01_1004. However, this was not implemented for Minion_1016 as all observations of this field occur within the first year. 
Multiband Lomb-Scargle Period Measurement
To take full advantage of the randomly sampled, multi-filter data, the multi-band periodogram outlined by VanderPlas & Ivezić (2015) was used to determine P or b . This approach computes the periodogram for each LSST filter separately and regularises them on a common base model to produce a composite.
The strongest peak in the periodogram is taken to correspond to the orbital period measured for that system and its significance is determined as follows: the dates of all observations and the ellipsoidal modulation magnitudes were shuffled; in order to preserve the red noise inherent in the stochastic flaring, the flaring magnitudes (in their original order) were then added to the ellipsoidal modulation magnitude; the Lomb-Scargle periodogram was recomputed over this new modified dataset and the power of the maximum peak in this uncorrelated data set was compared to that of the original simulated data. This process was repeated 10,000 times and the significance level was then determined as σ = x N where x represents the number of times that the peak power of the period in the original data was greater than that of the uncorrelated ensemble and N is the total number of shuffles. This formula therefore has a maximum of 1, corresponding to a 100% recovery rate. If the period was determined incorrectly, defined as ± 5% difference between the measured and input periods, the significance was set to zero. The decision to keep the flaring magnitudes ordered was motivated as the correlations in the flaring may artificially boost the power of the peaks in the Lomb-Scargle periodogram.
Computation
All computation was performed on the IRIDIS Compute Cluster nodes at the University of Southampton. The jobs were run on the cluster's nodes which have dual 2.6 GHz Intel Sandybridge processors, 16 CPUs and 64 GB of memory, per node. The total time of computation for all observing strategies was ∼16,000 CPU hours.
RESULTS

Period measurement under the baseline strategy (Minion_1016)
In Figure 4 we show the P or b determination possible with the astro_sim_01_1004, Minion_1016, Minion_1020 and baseline2018a observing strategies over the P or b -mag parameter space. The simulated observations for this graph were all within the LSST field 630; similar figures covering the other LSST fields have been included in Appendix B. The magnitude on the x-axis of this figure refers to the mean base r magnitude, as it would be observed after including contributions from reddening for field 630, but without adding any of the introduced stochastic variations. In other words, it corresponds to the mean flux relevant for orbital period determination. The colour denotes the significance of the period measurement and if the period was returned incorrectly, the significance was set to zero. The summaries for the P or b recovery over the full parameter space are shown in Figure 4 . Colour maps displaying the period determination of LMXBs possible in LSST field 630 with observing strategies astro_sim_01_1004, Minion_1020, baseline2018a and Minion_1016. Y axis denotes the orbital period in days, X axis the reddened r mag before adding contributions from ellipsoidal modulation, flaring and noise. The colour denotes the significance of the period detected. If the measured period differed from the actual period by more than 5%, then the significance was set to zero. The graph shows a bimodality in the significances of period determination as recovered periods that had low significance were often incorrect and manually set to zero. Table 1 , describing both the prospects per field and averaged over all Galactic Plane fields tested. The P or b recovery is worst for the baseline2018a observing strategy as it only correctly recovers 0.23 of the simulated parameter space. This is to be expected as although it has a similar number of observations per field as Minion_1016, a 25% segment of the observations corresponding to potential outburst durations was removed from the full survey lifetime. Therefore, it offered the fewest usable observations per Galactic Plane field of any strategy. This is then followed by Minion_1016 which correctly recovers 0.46 of the parameter space, the low fraction is again due to the relatively small number of Galactic Plane observations per field. The two strategies that performed best were Minion_1020 and astro_sim_01_1004 which correctly recovered P or b for 0.70 and 0.69 of the simulated magnitude-P or b parameter space (respectively), averaged over the Galactic Plane fields. The vast majority of the incorrectly recovered periods for both strategies had no observations in LSST's visible magnitude range, within that region of parameter space. In these regions, there is no potential for good recovery of P or b , regardless of the number of observations.
In order to evaluate the relation between Galactic reddening and period determination, the P or b recovery and reddening were plotted against both magnitude and P or b . In order to construct the magnitude-reddening graph, the significance of the P or b recovery was first averaged over all twenty periods for each region of parameter space with a distinct magnitude, field and strategy. This average P or b recovery significance per magnitude was then plotted against Galactic extinction. Each significance-extinction graph therefore had three points, one which corresponded to each Galactic Plane field. These graphs were repeated for all observing strategies. These graphs were then linearly interpolated in order to find the P or b recovery significance at twenty linearly spaced reddening values, ranging from 0 to 13.9 magnitudes. The relation between r magnitude, r band reddening and P or b recovery was then plotted. This process was then repeated, except the average was taken over the magnitudes in order to produce a graph showing the relation between P or b , r band reddening and P or b recovery. For clarification, examples of all graphs described in this paragraph have been included in the Appendix.
Extrapolation to the Underlying the Milky Way Population
In order to calculate the fraction of the underlying LMXB population that LSST is expected to observe with each observing strategy, the above simulations were combined with P or b and magnitude distributions for systems in the Milky Way. Firstly, to find the expected magnitude distribution, the reddening to each sight-line in the Milky Way was calculated by using the dust map of the Galaxy from Schlegel et al. (1998) . This reddening was then converted to a mag (A r ) assuming an R V of 3.1 and the LSST reddening factors from Schlafly & Finkbeiner (2011) . An absolute r mag of 4.6 (M V = 5) was then used to represent the LMXB quiescent counterpart main sequence K-type star. A main sequence K-type star was chosen for the companion over a sub-giant because they are typically fainter and will therefore correspond to a more conservative prediction for period determination. Finally, the distribution of systems was assumed to follow the Galactic distribution of LMXBs in the disc and bulge as outlined by Equations 4 and 5 in Grimm et al. (2002) , combined with the constants from Table 4. The mass ratio used for the disc:bulge was 2:1 and a Milky Way radius of 15 kpc was also assumed. This choice of mass ratio was justified by using the bulge mass estimate from Picaud & Robin (2004) and generating a disc mass using Equation 3 and the parameters from Table 2 of McMillan (2011), giving an approximate ratio of 2:1. The contribution from the spheroid component, as described by Equation 6 in Grimm et al. (2002) was not included as we were not able to reproduce the mass ratio for it. It is also likely to be a relatively minor contribution to the total mass of BHBs.
The Milky Way was then modelled as a disc with radius 15 kpc (from the Galactic Centre) and height 0.4 kpc, chosen to match the scale height of LMXBs stated in Grimm et al. (2002) . This disc was then divided into segments using the Galactic coordinate system, l and b were each segmented in degree intervals and r was segmented each 0.1 kpc. The expected probability that an LMXB resided in each section was assigned and these probabilities were integrated over the entire Galaxy and then normalised. The expected reddening and magnitude was then also calculated at each Galactic segment in order to determine what region of the simulated parameter space it corresponded to and therefore, what the significance of P or b recovery in that segment is expected to be. If the region had a magnitude or reddening that was not simulated in the parameter space, then that segment was assigned a P or b recovery significance of zero.
The P or b distribution of known systems was characterised by fitting a Gaussian function to the logarithm of the known BHB orbital periods from Corral-Santana et al. (2016) . In log space, the distribution had a mean and standard deviation of -0.12 days and 0.47 days, respectively. A figure depicting this distribution is included in Appendix C.
The final expected fraction of LMXBs for which LSST could determine periods was then calculated by multiplying the P or b significance, the expected period distribution probability and magnitude distribution probability at all points in parameter space. The equation for this process is shown in Appendix F. This was then normalised to a conservative estimate of the LMXB population of 1040 objects to determine the total number of BHB periods that LSST observations could be expected to recover, as shown in Table 2 . The population estimate used was a combination of the total population estimate of BHBs from Corral-Santana et al. (2016) (1300), combined with the fact that 80% of known LMXBs reside within the LSST defined Galactic Plane.
DISCUSSION
We have investigated the prospect for periodic signal extraction from LSST light curves. Our test case here is determination of orbital periods of quiescent LMXBs, but our results can be used more generally for assessing various proposed observatory cadencing strategies, especially those relevant for the Galactic plane.
P or b recovery with LSST was shown to be affected by the total number of the observations in the observing strat-egy; the observing strategies with the highest numbers of observations had the best P or b recovery and those with the fewest had the worst. Furthermore, the P or b recovery was shown not to vary much between astro_sim_01_1004 and Minion_1020, even though the former has an additional 100 observations. The most common reason that the period was recovered incorrectly for these two strategies was that there were no usable observations for that region in parameter space (i.e. all observations had magnitudes that were either saturating or above LSST's 5 σ limit). In fact, there were very few regions with an incorrectly recovered period where this wasn't the case, meaning that the difference in total observations between these two strategies had little effect. This suggests that the number of observations required for good period determination of LMXBs is higher than the number in either Minion_1016 or baseline2018a however also lower than in astro_sim_01_1004 and potentially lower than in Minion_1020 also. However, as both strategies that had good P or b recovery increase the total number of fields in the Wide-Fast-Deep survey region, without increasing its priority, the median co-added depth achieved is then reduced by 0.04 and 0.15 mags for astro_sim_01_1004 and Minion_1020, respectively when compared to Minion_1016 (Marshall et al. 2017 ). This is a slight reduction in depth whose impact on other scientific programs would need to be assessed.
One factor that may artificially boost the LMXB recovery for the observing strategy Minion_1016 is that no observations were removed to account for the potential time that the LMXBs would be in outburst. Removing a randomly selected 2.5 years from this strategy, as was done for the others, is not sensible as the baseline of the observations for this strategy was only 1 year. This will however mean that a fraction of the LMXB population will not be observable through ellipsoidal variability for the entirety of this baseline strategy lifetime, although this is likely to be a negligible effect.
The overlap and dithering of LSST fields also has the potential to impact the period recovery of LMXBs possible with LSST. These effects could mean that some LMXBs are visible in several LSST fields. Equally, they could also mean that the systems may fall within chip gaps in some images and not others. The impact of these effects will be investigated in the future, however it is not expected to be substantial. Examples of dithering investigations are presented in Chapter 9 (Cosmology) of Marshall et al. (2017) .
The average and standard deviation value of the flaring had a sizeable effect on the overall period determination. The choice of 0.04 mags for the standard deviation of the flaring was justified as it was representative of the majority of the sample outlined in Zurita et al. (2003) . However, one of the sample included a system with standard deviation > 0.1 mags. When implementing the simulations with this value, the significance of P or b recovery decreased significantly. We aim to explore this region of parameter space in the future.
One should also note that the predictions made by using the dust maps are only estimates as the maps used (Schlegel et al. 1998 ) represent the integrated reddening along each line of sight, therefore information on the radial change of extinction in the Galaxy is lost. Another limitation to these dust maps is their angular resolution of 6. 1. One should also note that the reddening used per field was used assuming a single pointing, corresponding to the centre of the field, whereas there are potentially many different reddening values per field.
By combining the LMXB period recovery fraction of LSST with a fairly conservative estimate for the LMXB population of 1040 systems, we find a lower limit on the number of systems for which LSST can be expected to determine periods, as shown in Table 2 . LSST will likely correctly determine P or b for ∼200 systems and ∼180 systems, while implementing the baseline strategies simulated by OpSim 3 and 4, respectively (Minion_1016 and baseline2018a). Whereas, for observing strategies that do not have a reduced cadence in the Galactic Plane (astro_sim_01_1004 and Minion_1020), LSST will likely correctly determine P or b for ∼300 LMXBs. One example of how many LMXB periods are required for meaningful population studies is investigate by Arur & Maccarone (2017) , where they find that a sample size of 275 LMXB periods is required in order to distinguish two different LMXB P or b distributions at the three σ level.
Spectroscopic follow up can be used for source characterisation and radial velocity determination in order to make mass measurements of the LMXB population. The current generation of spectroscopic telescopes may struggle to observe some of the fainter systems simulated, however this will be feasible with the next generation of instruments available in 2032, after LSST's 10 year lifetime. As the number of LMXBs with dynamically confirmed compact object masses is currently fewer than 20, LSST has the potential to help in improving this by at least a factor of ∼10 and potentially a factor of 15+. The implications of this result also extend to many other classes of stellar phenomena involving binary systems which are likely to benefit in exactly the same way as outlined here. APPENDIX A: OBSERVING STRATEGIES Figure A1 depicts the total number of observations per field made during candidate observing strategies Minion_1016, Minion_1020 and astro_sim_01_1004 in all bands over the full 10 year survey as simulated with the OpSim (Delgado et al. 2014 ). Figure B1 depicts the P or b recovery over the P or b -mag parameter space for the four simulated LSST fields which did not have their corresponding diagram included in the main text. The left panel of Figure B1 (b), shows the P or b determination of each strategy with LSST field 1929, which is in the main WFD survey region. This figure demonstrates that when observed with this cadence, the recovery of P or b is very good under all strategies, as there is not the reduced Galactic cadence present. In the right panel of Figure B1 (b), the P or b determination for LSST field 3311 is displayed. This is located such that it will be observed by the South Celestial Pole cadence and the observations are reduced in all strategies except Minion_1020 due to airmass restrictions. For Minion_1020, P or b recovery is reduced only by the relatively high reddening in this field. Figure Figure A1 . Total number of observations in all bands made using the astro_sim_01_1004 (left, a), Minion_1016 (right, a), and Minion_1020 (left, b) observing strategies, shown in ecliptic coordinates. All graphs were made using the sims maf.
APPENDIX B: ORBITAL PERIOD DETERMINATION IN SIMULATED LSST FIELDS
APPENDIX C: DISTRIBUTION OF LMXB ORBITAL PERIODS
too bright and saturate LSST, consequently, the period recovery is reduced in these areas. Conversely, at very low magnitudes and high reddenings, the systems are below LSST's limiting magnitudes, rendering many observations unusable and the P or b recovery significance suffers as a result.
APPENDIX E: REDDENING-ORBITAL PERIOD AND REDDENING-MAG RELATIONSHIPS
Figures E1 and E2 depict the relationship between reddening-magnitude-P or b and reddening-period-P or b recovery, respectively. In both graphs we observe a negative correlation between reddening and P or b recovery, which is as to be expected as in most cases, the higher the reddening, the fewer usable observations that are available. One notable exception to this rule is shown in Figure E1 , where at the very low reddenings and low magnitudes, the objects are too bright, reducing the number of observations in LSST's visible range. For these particular magnitudes, P or b recovery is shown to increase with reddening. The relative lack of bimodality in P or b recovery significance in Figures E1 and E2 when compared to that in graphs that represent signal fields ( Figure B1 ) is a result of how much P or b recovery is expected to change based on which field and consequently, which Galactic extinction was used.
APPENDIX F: GALACTIC PERIOD RECOVERY INTEGRATION
Equation F1 details the procedure for summing up the total P or b recovery over the Milky Way. P tot is total fraction of the LMXB population that will likely get accurately recovered periods. r represents distance from the Galactic Centre. P p (P or b ) is the probability of an LMXB having P or b , p; P m (M obs , r, θ, φ) is the probability of an LMXB having an observed, post reddening magnitude , m (when calculating P m (M obs , r, θ, φ), r, θ and φ were transposed to l, b and the radial distance from the Sun using a distance of 7.9 kpc from the Sun to the Galactic Centre). S P or b ,m (P or b , M obs , r, θ, φ) is the P or b recovery significance with P or b , p, and magnitude, m. M obs is the magnitude of the LMXB before reddening corrections. Finally, θ and φ represent angles, in the Galactic Plane and perpendicular to the Galactic Plane, respectively. Equation F1 is held if 12 ≤ M obs ≤ 22 and 0 ≤ A r ≤ 13.9. Otherwise, P tot = 0. Figure C1 . P or b distribution of BHBs, generated by fitting the logarithm of the BHB periods from the BlackCat catalogue (Corral-Santana et al. 2016 ). The probability is normalised to one. 4 (right,b) . Each point represents the P or b recovery for a Galactic LSST field, with the significance of recovery on the Y axis and that fields reddening on the X axis. The red line represents the corresponding extinction and P or b recovery significance for the twenty chosen, linearly spaced extinction values that are being interpolated. Figure E1 . Colour maps displaying the relationship between magnitude, reddening and period determination of LMXBs possible with observing strategies astro_sim_01_1004, Minion_1020, baseline2018a and Minion_1016. Y axis denotes the r band reddening in magnitudes, X axis r mag before adding contributions from ellipsoidal modulation, flaring, noise and reddening. The colour denotes the significance of the period detected. Figure E2 . Colour maps displaying the relationship between period, extinction and period determination of LMXBs possible with observing strategies astro_sim_01_1004, Minion_1020, baseline2018a and Minion_1016. Y axis denotes the period in days, X axis r band reddening in magnitudes. The colour denotes the significance of the period detected. 2 sin(θ) P P (P or b ) P m (M obs , r, θ, φ) S P or b ,m (P or b , M obs , r, θ, φ) dP or b dM obs dr dθ dφ (F1)
